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o CONFlDE {TIAL

Oﬂice Memorandum - oNITED STATES GOVERNMENT
TO . Chief, Engineering Division/0C DATE:
FROM : Contracting Officer

o & i
SUBJECT: Contract No. 605 with _ , 25X1
Contractor's request for approval of the lo ﬂ‘{)
presentation of two Abstracts and Summaries . AN
at IRE Convention in New York §;~E;4q) /z?%?ﬁﬁ_\
ENCLOSURE: A. Abstract - A New Concept in High Frequency

Antenna Design, in duplicate. (259”

B. Abstract - Log Periodic Feeds for
Lens and Reflectors, in duplicate.

1. There is forwarded herewith for your action one (1)
copy of the subject Contractor's letter dated October 27, 1958,
requesting that approval be granted his office for the purpose
of presenting the above papers, identified as enclosures A & B,
at the 1959 IRE National Convention in New York City, New York.

2. It is requested that your office review the subject
Contractor's letter dated October 27, 1958, and advise this
office by return memorandum whether your offlce approves or
disapproves of the Contractor's request that he be allowed to
present the above identified papers at the 1959 IRE National
Convention.

y

s

. 25X1
Distribution:
Orig & 1L - Addressee
1 - Contract No. 605 (Ofﬁciaf)
1 - Chrono
1l - Admin
1 - Cont. Admin. (FFT)
OL/PD/CAB (6 November 1958) 25X1
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, Engineering Division/0C

Contracting Officer

Comtract No. 605 with | 25X1
Contractor's request for approval of the
presentation of two Abstrects and Sumaries

at IRE Convemtion in New York

ERCLOBURE: A. Abstrasct - A NHew Concept in High Frequency
Axtenna Design, in duplieate.

B. Abstract - Log Periodie Feeds for
Lens and Reflectors, in duypliesate.

1. There is forwarded herewith for your action one (1)
copy of the subject Comtractor's letter dated October 27, 1958,
mmmmnummn-m«mmm

the above papers, identified as encloswres A & B,
um1999mmmmummc1v,mrm

2. It is requested thet your office reviev the subject
Coutractor's letter dated October 27, 1958, and advise this
office by retwrn memorendum whether your office approves or
disapproves of the Comtrector's request that he be allowed to
present the above identified papers at the 1959 IRE Natiomal
Conrvention.

3. Yowr prompt attention to this matter will be appreciated.

CONTRACTING CFYICER

1 - Comtract No. 605 (Qfficial)
1 - Chrono
1 - Admin
1 - Comt. Admin. (FFT)
QL /PD/CAB: (6 Novesiber 1958) 25X1
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ABSTRACT
LOG PERIODIC FEEDS FOR LENS AND REFLECTORS

STAT

Cedar Rapids, Iowa

The aprlication of unidirectionsal log periodic antennas as feeds for
lens or reflectors to cover 103l or 20:l bandwidths is described. Infore
mation on the primary patterns, phase center variation, input impedance, and
| sperture blocking of trapesoidal tooth wire and sheset structwres is given
80 a8 to allow the design of feeds for a wide variety of lens and roﬂoctu;l. ‘
Final results of pattern, gain and impedance measursments on two dishes over
10:1 and 20:1 bandwidths are presented and a discussion of the slight sacri-
fices in gain and side lobe level to achieve this bandwidth is given.
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SUMMARY
LOG PERIODIC FEEDS FOR LENS AND REFLECTORS

There are many applications in the commmications, search, and ECM fields
where it is quite desirable to have a high gain anterma which will work over an
extremely wide frequency range. Lens or reflector type antennas are often used,
but their bandwidths have been limited by the primary feed. Ideally, the radie- |

ation pattern and input impedance of the primary radiator should be :I.ndnpend@t " '

of frequency. The bandwidths of previous primary radiators have nsuallybun on ,'
the order of 2 or ‘3.,':1. : However; the recent discovery of log periodic 152,35l |
and angular5 antennas with essentially frequency independent operation over
bandwidths of 10 or 2011 provides new types of wide band primary radistors,

This peper presents results of an investigatiqxiﬁqt the problems invaolved in

the application of unidirectional log periodic feeds to lens and rqtloeﬁor type
antennas. Suffiecient information on the primarj patterns, phase center, input
impedance end aperturs blocking of trapesoidal tooth, wire and sheet log periodic
structures is given to allow the antenna eng.'meer to design feeds for a variety
of lens and reflectors.

The characteristics of the primary patterns are determined by the f/d ratio,
tha shape, and the 11lumination taper of the reflector or lens sperturs, Curves
of the E-=plane snd Heplane beam widths of trapeioidal tooth wire and sheet J
structures as a function of the design parameters are given. The besmwidths of
these unidirectional log periodic structures may be varied enough 8o that feeds
for I’'d ratios ranging from 0.3 to 0.6 are obtainable. Fnrﬁhermre, independent
control of the E and H plane beamwidths allows feed designs for various shapes

of lens or reflectors.

STAT
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Unfortunately, the phase center of unidirectional log periodic structures
does not lie at the vertex or feed point. However, the phase center does lie
a fixed nmuwber of wavelengths behind the vertex. That is, as the frequeacy is
increosed, the phase center moves closer and closer to the feed point‘. Thus,
it is necessary to choose a location for the primary feed which gives optimum
performance over the bandwidth. Fortunately, little gain is lost because of
the phase center movement over bandwidths of 5 or 10:1l, Data on the phase
center variation of log perlodic feeds as a function of design parameters and
frequency are given. Curves showing the variation of gain with feed placement
for a 4 parabolic reflector for six frequencies within the 600 to 6000 mc range
are shown so as to illustrate how an optimum location is determined.

The impedance characteristics of log periodic structures in free space are
such that ths VSWR referred to the characteristic impedance is less than 2:1 and
in many cases, less than 1.5:1. However, when the structure is placed in front
of the reflector, the VSWR will be increased because of reflections from the
reflector back into the feed. Curves showing the increase of VSWR as a function
of reflector diameter to feed size are given.

For medium size reflectors, blocking of the aperture by the feed can become
a sericus problem when bandwidths of 10:1 are considered. For example, at the
highest frequency the log periodic feed is ten times the minimum size required
for that frequency. Measurements of the reduction of gain due to this aperture
blocking are given for a L' dish as a function of the feed antenna size. Also
included are the meesurements of the total scattering cross section of a log
periodic antenna as a function of frequency.

Final results of pattern, gain, and impedance measurements on two dishes
over 10:1 and 20:1 bandwidths are presented and a discussion of the slight
sascrifices in gain and side lobe level to achieve this bandwidth is given,
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Structures”, 1957 IRE National Convention Record, Part I, pr. 119-128,
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ABSTRACT
A NEW CONCEPT IN HIGH FREQUENCY ANTENNA DESIGN

STAT

The application of uﬁidirectional, wire, trapezoidal tooth, log periodic
antennas to H.F. point to point comunications is described. The antennas are
placed over ground in such a manner that the vertiéal plane radiation pattern
as well as the other patterns and input impedance are essentially independent
of frequency over the 3 = 30 mc range. Moreover, the design parameters can
be chosen 3o that the beam direction will full at any vertical angle from 60°
down t0 a few degrees. The antennas are horizontally po_larized with a.z:lmxt.hdi
beamwidths of 60°, side lobes less than 15 db and gains ranging from 8 db to
18 db over an isotrops. These antennas should lead to considerable simplifi-

cation and area reduction of antemna fdrms.

Sanitized Copy Approved for Release 2011/09/19 : CIA-RDP78-03424A002000080066-1



~ Sanitized Copy Approved for Release 2011/09/19 : CIA-RDP78-03424A002000080066-1

SUMMARY

A NEY CONCEPT IN HIGH FREQUENCY ANTENNA DESIGN

Thls peper deseribes a new type of antenna system which is ideally suited
Ior point to point communication utilizing HF sky wave propagation. Long
distance comramicstion in the 3 - 30 me range is effected by reflection or
rofraction from the jonosphere. The vertical sngle of arrival (or departure)
iz determined by the distance between the two points, the number of hops, and
the height of the ionized layer which produces the reflection or refraction.
For distances less than LOOO kilometers, only one hop usually takes place.
The height of the reflecting layer may lie between 100 and 4OO kilometers
depending upon whether the E, Iy F1 » O F2 layer is used. Thus, the desired
verbical angle, \p s may vary from scme minimum value 2/3 Wo to a maximum
vaiua somowhet less than /3 }‘/ o 38 the condition of the icnosphere changes
frun day 4o night through the sunspot cycle. ‘7//0 is chosen to be the average
voiue of the winimm and maxinum values of )”. In addition, the operating
Srequency must be changed over a L or 5 to 1 frequency band during the sunspot
cycle dn erder to secure reliable cormunieations. Depending upon the distance
batween polnta, the desired verticel angle may range from approximately 60°

dovn b0 only & few degrecs. Thuss the ideal antenna for a point to point HF

viveudt should have frequency independent radiation patterns and input impedance

with the beam maxs a? the vertieal mgle S& « The vertical plane beamwidth

]

betueen the 3 db points should be approximately y’o.
Present day antennas such as the rhombic, V, billboard, dipcle, etc. fall

far short of meeting these objectives, especially with regard to pattern band-
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widthe The wi-directlonsl, wire, trapezoidal tooth, logarithmically periodic
antennas which have basn developedl’ 2 in recent years come very close to satise
{fying @il of thess objectives. These antennas have electric characteristics
which are essentially independent of frequency over extremely wide bandwidths ’
that 13, on the order of 10 or 20 to 1, It has been found that the phase center
of log periodic antennas ave located a fixed number of wave lengths from their
feed point, l.€.y; the distance from feed point to phase center measured in wave
lengtus is constant, A8 a consegusnee of this phenomenon when these antennas
are placed at an angle with respeat to groumi and with their feed point at

the ground lavel *_‘che distance from ground to the antenna phase center measured
in wavelengths is independent of frequency, The vertical plane pattem of
autenna and grovnd system ias therefore independent of frequency (to the same
dogree that the ground conductivity and dielectric constant are independent

of Irequmey) with the beam maximum occurring at an elevation angle determined
by the wagle at whieh the antemna is inclined to the ground.

Design inforsation ig given so that a log periodic antenna may be cone-
slrveted bo produce a boam divestion with a vertical angle ranging from 60°
dusn o g few degress over eay desired bandwidth in a HF range. This infor-
metion is given in the form of free space radiation patterns and phase center
chasneterietics as a function of the dssign parameters o , VW and 7T (refer
Lo Refewence & for a definition of these paremeters). The results of the
ealevlelions of radistion patiterns and gé.:m of these structures when placed
owor gromd ave also glven, It is shown that three basic log periodic designa
(the deaigns have various values of &¢, )V and “C ) will cover hearly all
point to point applications. The required frequency range determines the size

of the structure; that is, the structure to cover the frequency range of 10 = 30 mc
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wuld only de half as large as that to cover the range of 5 - 3U mc. The
tower heighto which support the structure are easily determined once the de=
gired vertical angle is specified. Fortunately, the vertical plane beame
width is approximately equal to the vertical angle of the beam maximum.
Typical characteristics are horizontal polarization, azimuthal beamwidth

of 60°, side lobe level 15 db down, and gains ranging from 8 db to 18 db
over an isotropic antenna. Although the gains are not as high as those for
some other antennas, e.g. a rhombic, the méximum gain of the log periodie
antenna is utilized over an extremely wide frequency range which is not the
case for a rhombice

The wire log pericdic structures are supported between fiber glass rope
or steel cable and insulator catenaries which are in turn supported by steel
towers.

For point to point distancea greater than L0O0O kilometers, the vertical
angle of arrival will be less than 10 or 12 degrees regardless of the number
of hops in the patho For this situation; a log periodic structure can ve
used to give a bean maiimum at a vertical angle of 10° or somewhat less.

The design of the structwre for a very small vertical mngle such as 2 or L

degrees usuvally leads o wneconomical tower heights.

+ R, H, TuHamel and F. R. Orpe, "Logarithmically Periodic Antenna Designs," 1958
I.R.E. Convention Record, Part I, pp. 139-151,

2 K. H, Duflamel and D. G. Berry, "Logerithmically Periodic Antenna Arrays",

CTR-205, September 22, 1958,
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